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TABLE 3.-Daily l0lah and departurcs of solar and sky radiation during 
August, 1916. 
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TABLE I . 4 o l a r  radiation intcnritka during Auguat, 1916--Continued. 
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Skylight. polarization measurements made a t  Wash- 
ington on nine days, with the sun a t  zenith distalice 60°, 
give a inenn of 50 per cent, and n mnsiniuni of 66 per 
cent on the 14th. This latter is only 1 per cent lower 
than the highest August polarizat,ion measurement ever 
obtained a t  Washington. 

Decade dAparturc 
TABLE 2.- T%pr preaaitrea at pyrheliometric slations on days whm solat 

radiation intensities were measured. 
per cent. 

Washington, D. C. 11 Madison, Wis. 11 Lincoln, Nebr. 11 Santa Fe. N. Mex. ' I  
HIGH HAZE OVER T ~ E  SO~JTHWESTERN UNITED STATES 

DURING JULY TO SEPTEMBER, 1916. 

By HERBERT H. KIYBALL, Professor of Meteorology. 
[Dated Weather Eureau, Washington, Oct. 2,1916.1 

Tho following is estrncted from communication by 
hlr. Ford -4. Carpenter, in charge of the Weather Bureau 
office a t  Los Bngelcs, Cd., under date of September 7, 
1916: 
During the month of July. and esperially during Qe latter part, red 

sunsets were common; but during the first decade of August bot.11 sim- 
rises and sunsets were unusually brilliant. A note in the Daily Local 
Record describes a typical sunset as follows: 

"August 4, 1910. Cloudy sunset. The stin set behind cirro-stratus 
clouds, which formed a low bank on the western horizon. As the sun 
aet the western sky b e c a y  lit with a yellow glow, which changed to 
om&?, and finally to red. 

A description is also given of brilliant sunrise and sunset 
colors that were observed from the top of Mount Wilson, 
Cnl., on Scptember 3 and 4, 1016, and Mr. C. G. Abbot 
of tho Astrophysical Observittory of the Smitlisonian 
Institution, who was then on Mount Wilson, is quoted 
as saying- 

The presence of dust, probably volcanic, and which waa responsible 
for the vivid colore of sunrise and sunset, greatly interlered with mlsr 
radiation work. 
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Mr. Carpenter further states that between July 28 and 
August 4, 1916, while on Mount Rainier, Wash., he ob- 
served each of the eight sunrises and sunsets, and them 
was a total absence of other than the usual twilight 
colors. He therefore infers that the dust cloud did not 
estend to this high latitude (47' N.). 

In a letter of September 20 he forwards IL nota from 
Prof. A. E. Doughs,  Univcrsity of Arizona, rtdativc to 
radiating shadows observed a t  that plncc on the u n d w  
side of the dust layer. It appears that these shadows a m  
first seen 16 minutes after sunset, and coatinuo about 
10 minutea, and were best observed on September 14 and 
15. Prof. Douglass identifies them as shadows from 
mountain eaks or clouds in the rsngc running south 

air line. From the angular height of thc! s1l:idows 110 
computes the dust layer to be from 13 to 15 nlilcs above 
the surflice. 

It does not seem possible to connect thiq dust or h:~ze 
with the haze that produced the brilliant twilight colors 
that were generally observed in the vicinity of W ~ L A -  
in ton, D. C., at the end of July, and also at Lincoln, 

servations obtained a t  Santa Fe, New Mes., Lincoln, 
Nebr., Mediaon, Wi3., and Washington, D. C., twd sum- 
marized on anothor paw, give no dicatioiis of utiusi1,il 
haze during August. flp to the date of writing this noto 
the Weather Bureau has been unable to lcitrn of 8 recent 
volcanic erup tioii of sufficient violanc~ t 11 C B U ~ C  n hazi- 
ness of the up cr atinoqdieru of the character observed. 

to thi3 interesting phcnomenon. 

from San 8. iego, and about 300 miles from Tuwon i n  t i n  

Ne 5 r., at about tho same timo.' Thc pyrhelion~ctric ob- 

We shdl be g P ad to receive further infoimatiou relative 

The following is the sub3t:ince of tin additional note 
from Mr. Carpenter, under date of October 7, 1916: 

It is reported from the Lick Obseryatorv, Mount Hamilton. h l . ,  
that red sungets have been observed since the first r e e k  in  .tu?l!lst. 
On m m y  nights i n  h r i . q ~ ~ t  an3 September the eky was rather thlck. 
and the Milky Way did not stand out as romineutly as usual. This and 
the red sungets have been int.erpreted l!y the observatory to menu that 
the atmosphere hmcont.ained an abnormalamount of finelvdivided dwt.. 

Red t .ilig5t glo .-s have also been reported from San Ilernardino 
and San Diego, Pal., and Phoenix. A m .  At Tucson, b r i a . .  110 red 
Runsets have been observed since the middle of September. but here 
a t  Los bngeles, in  spite of unusually heavy rains d u r i q  the first few 
d a w  of October, they do not appear to have decreased in frequency. 
Whenever the mornings and evenings have been clear the sky has 
been suffused with a red g1o.v. 

In S.witzerlad.-Added significance is given the above 
observations 1) the following note quoted from the 

Dr. Maurer, dircc t.or of the Swiss h.iet,corologicsl In- 
stitute, writes from Zurich that sincc the middle of July 
the atmosphere in the high Alps has shown notcwortliy 
opt.icCr2 dftmiorution, indicated b the est,ension of the 

the end of August, and by a true brown Bishop's ring, 
visible on August 3 and 4. The cause of the deteriorn- 
tion is still in doubt. Correspondino phenomena in 
1SS3-4, 1!)02-3, and 1912 were attrituted to violent 
volcanic eruptions, but no reports of volcanic eruptions 
have c,ome to hand this ycm. Whether or not the 
cumula.tive effect of nfiro in the course of two years is 

figures to show. 

British Meteor0 9 ogicd Office circular.z 

aureole round the sun, to as muc x as 1-10" in diniiieter at 

equivalent to that o Y a volcanic eruption there are no 

. ___ 
I Src M.JNTRLY WEATAER REVIEW. Jul3 ISM, 41:382. After the pu~~licntl  m of the 

Jul REVIEW ser-eral correspondents In \ iiginia also reported brllliant sunsets at the 
e n ~ o t  July.-H. E. K. 

1 Oreit Britsm. MeteoroZogicol O f i e .  Metemlogical OWce clrcular Na. 4 [London], 
Bept. 21,1916. p. 4. 

ATMOSPEEBIC BEFBACTION AT MOUNT HAMILTON, CALLL.1 

Aside from conditions which actually conceal objectg 
or make the images so unsteady that accurate observa- 
tion is impossible, the atmosphere is of iniportance to  
astronomy and geodesy because of its refractive power. 
Professor Sirnoii Newcomb writes 8s follows concerning 
atmospheric refraction : 

The refraction of a ray of light by the atmosphere as it  passes from a 
heavenly body to an observer on the earth's surface, is callad "aetm 
nomical [refraction]." A knowledpoe of ita amount is a necessary datum 
i n  the e w c t  determination of the direction of the body. I n  its investi- 
g A o n  the fundamental hypothesis is that the strata of the air m in 
equilibrium, which implies that the surfaces of equal density are 
horisontal. But  this condition is being continually disturbed by 
aerial currents, which produce continual slight iluctuations in the 
actuil refraction. and commonly give to the image of a star a tremulous 
motion. Except for this slight motion the refraction is always in the 
vertical direction; that is, the actual zenith distance of the star ia 
always greater than its apparent dijtuice. The refracting power of the 
air is nexly propartional to its density. Conse uently the amount of 
the  refraction varies with the tzmperature a n a  barometric piemure, 
being greater the higher the barometer and the lower the t.emperature. 

At m3der;rt.e zenith distances. the amount of the refraction variea 
nearly as the t.an,uent of the zenith distance. Under ordinary condi- 
tions of pressure and tem orature i t  is, near the zenith, about one 
second lof arc] for each 8 ,grec of zenith diqtance. As the tangent 
increases a t  a greater rate than the angle, the increase of the refraction 
soon exceed3 one second for each degree. At 45' from the zenith the 
tangent is 1 and the mean refraction is about 68 seconds. As the 
honzoii is approached tlie tzngent increases more and more rapidly, 
becoming in.inite a t  the horizon; but the refraction iiow increases at a 
less rate, and, when the observed ray is horizontal. or when the object 
appears on the horizon, t.he refraction is about 34 minut?s, or a little 
greater than the clizm-ter of the sun or mmn. I t  follms that when 
either of these objects is seen on the horizon their actual direction ie 
entirely below it. One raault is that the leng,h of ih? day is inc.eae d 
by refraction to the extent or' about five minut.?s in  I.)w latitudes, SI d 
still mnre i n  higher latitudes. At 00' the increase is about nine 
mi3 ut es. 

The atmosphere, like every other transparent substance, refnrrte the 
blue rays of the spxtrum more thm the red; csniequently. wh n be 
imige of a star new the horizon is observed with a telescope, it prejen e 
sornawhat the appearance of a sprctrum. The edge which IS really 
highest, but. seems lowest in the te1esc:lpe. is b l u ~ .  and the oppoeite 
one red. When the at,mosphere is steady this atmospheric spectrum ie 
very mwked and renders a n  exwt  observation of the star difficult. 

Aqain writing of the difficulties connected with this 
study, he says: 

There is perhaps no branrh of prartical astronomy on which so milch 
has been written m on . . . [refract.ion] and which is still in so unsatis 
factory a state. The dificulties connected with it are both thmretirsl 
an11 practical. The theoretical dificulties . . . arise from the un- 
certainty and variability of the law of diminution of the density of the 
atmosphere with height and a l ~ o  from the mathematical ditEculty of 
integratinr the equations of the retmction for altitudes near the horizon 
after the best law of diminution has teen adopted. 

In  spite oi the difficulties, however, all accurate 
position work demands that the observed positions of 
stars be corrected for atniospheric refraction. This 
necessity has led to the const-ruction of "refraction tahles " 
from which a correction for atmospheric refraction can 

I Comrlock, 0. C. Redurtimi tahles for the Lick Oh.~er\~story 111 1V and \' (IS?) 
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astron Uerreley 191'<, 7:130-1{9. I1  irk 0; serv. 1W1. 211.) 

8an Frawis-o, 1916. 28:00-78. 
T v d w ,  R. II. 'The rliurosl varintlfln of the refraitio:i. Astron. RO?. Pa:iBc publ., 

Recent o'wrvations 011 the diurnal rhange in the retrsdimi at Lick ohsnrrstory. 
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In thiiconnertion espwiallv t r  the 1% .iRc ron;tmauntains oi the :'iiited S t a h  
see Sclinli C A *~ l lo~&ly  values of the coolA1ient 01 mtra tioli '' in The transcorn 
tinentnl t;ia&uintion and the .\mericnn arc of tlin psrellel. dsshingtnu, 1W, p. 
254-2.56. (.-r. 8. Coast and Geodetic Survey, Special publ. No. 4.) 

a A~e~rromb S. A cnmpendiuni 01s herical astrononir Yew York 1906 p 223 


